. We have designed a study to measure this and the factors that influence it. A previous study (Luntz and Livingston, 1976) showed that the type of suture material and/or suturing technique does not significantly influence the final postoperative astigmatism. This study and other studies of post-cataract astigmatism do not include a corneal section with a continuous nylon suture and do not measure 'suture-induced' astigmatism.
and within a few weeks the corneal astigmatism correction in 480% of eyes returned to the preoperative level. In 80% of eyes the difference between the final postoperative corneal astigmatism (4 months after removing the continuous suture) and the preoperative astigmatism was 0-75 dioptres or less and the maximum change was 1-5 dioptres. In 40% of eyes the axis of the cylinder changed from a horizontal to an oblique axis but did not change from a with-to against-the-rule axis.
The degree of astigmatism remained constant while the suture was in place and in 50 % of eyes was equal to or less than 3 dioptres. The mean of the spherical equivalents was 1131 dioptres with a standard deviation of + 1 25. A spectacle correction 14 days after operation prescribed either as the mean spherical equivalent (11-50 dioptres) or according to the patient's refraction will give satisfactory vision until the suture is removed 4 months after operation.
The degree of astigmatism following a corneal section and continuous nylon suture compares very favourably w-ith astigmatism following other suturing techniques for cataract.
Improvements in the surgical technique of cataract extraction and the desire to minimise complications have focused attention on the cataract incision and its closure. As a result suture materials have been developed which can be more accurately placed within the incision, allow excellent anatomical apposition, and cause less postoperative irritation and reaction.
The most suitable suture materials at present available for cataract surgery are virgin silk and monofilament nylon. The monofilament nylon (10/0) is less irritating, the eye postoperatively is quieter, and the irregular incisional scars associated with ulceration and extrusion of virgin silk are eliminated. It has the added advantages that the material is elastic and is not extruded, so that it can be used as a continuous suture. Tissue reaction to the nylon is minimised and scar formation is delayed, so that the nylon is left in the incision for 3 to 4 months. The prolonged, firm, and anatomically precise apposition of the incision produces a neater scar.
A survey of the literature indicated that there is little knowledge of the amount of astigmatism 1971; Boke et al., 1971; Troutman, 1973) . We have designed a study to measure this and the factors that influence it. A previous study (Luntz and Livingston, 1976) showed that the type of suture material and/or suturing technique does not significantly influence the final postoperative astigmatism. This study and other studies of post-cataract astigmatism do not include a corneal section with a continuous nylon suture and do not measure 'suture-induced' astigmatism.
We have investigated the effect of a continuous nylon suture in a corneal section on the final postoperative astigmatism (after removal of sutures and normalisation of suture-induced astigmatism) and whether this is influenced by the level of sutureinduced astigmatism.
Subjects and methods
We report a prospective study in 40 eyes of 32 patients. This number comprises all cataract patients operated on by one of us during 1975 (M.H.L.) in whom a corneal section was closed by a continuous 10/0 monofilament nylon suture (Ethilon) in a running shoe-string configuration as 360 used by Ryan and Maumenee (1973) (Fig. 1) . The first suture was placed Fig. 2 Corneal astigmatism ('K' readings) before and at the right-sided end of the incision to the level of after a corneal cataract incision closed by a 'boot-lace' Descemet's membrane and radial to the incision type of continuous 10/0 nylon (Ethilon) suture in 40 eyes. followed by 4 deep, radial bites across the incision, Postoperative astigmatism is recorded after 6 weeks with followethd byr4deep,mrainialcontesnuross.the incisiwe the suture in place and 4 months after removing the the thread remaining continuous. Loops were suture. The 3 measurements for each eye are separately moved to either side of the incision to keep them plotted and each joined by a continuous line. The out of the way, and the lens was extracted.
astigmatism is significantly increased 6 weeks after After extraction of the lens the continuous suture surgery owing to the suture. The final postoperative astigmatism (4 months after removing the suture) 7W. (Fig. 2) .
ASTIGMATISM BY REFRACTION
Objective refraction to give an accurate estimate of astigmatism before operation was not possible in all our cases because lens opacities interfered with or obstructed the reflect. However, objective refractions were done 2 weeks after operation (with the continuous suture tied in the cornea) and at 2 and 4 months after removal of the continuous suture. The results are plotted in Fig. 4 and are expressed as minus cylinders. The first plot 2 weeks after operation represents the astigmatism measured by refraction and caused by the suture, in 55 % of eyes between 1-5 and 3 dioptres. Once the sutures were removed astigmatism dropped within 4 weeks to the final postoperative level and remained constant.
SUTURE-INDUCED AND SURGICALLY INDUCED ASTIGMATISM
The above measurements reflect astigmatism measured with the suture in place and after its removal. -6 00-sised in Fig. 6 , which records the pre-and postoperative corneal astigmatism. In 48 % of eyes there was no change from the pre-to postoperative level; in 2 eyes the astigmatism after operation was actually -500-less than before operation. These two results are plotted below the abscissa in Fig. 5 . In 5 eyes the behaviour of the pre-suture-removal and post-suture-removal corneal astigmatism was -4 00 -\ \ \ followed in more detail, and these results are plotted in Fig. 7 sutures from the preoperative reading. These results Fig. 6 The 'K' readings before and after cataract in terms of corneal astigmatism are recorded surgery in 40 eyes. Corneal astigmatism before the graphically in Fig. 5 . Suture-induced astigmatism is operation is plotted closest to the abscissa and corneal plotted closest to the abscissa, surgically induced astigmatism 4 months after the removal of the continuous astigmatism farthest from it. The former was less 10/0 nylon suture is plottedfarthest from the abscissa. The mean postoperative spherical equivalent (4 months after removal of the suture) calculated from the 'K' readings was 11'85 dioptres with a standard deviation of +1 8 (Table 2 ).
Discussion
Lack of knowledge about the degree and properties of suture-induced astigmatism has deterred many surgeons from using nylon sutures in cataract surgery and in particular a continuous nylon suture, As the nylon incites little tissue reaction and remains fixed in its suture bed, corneal distortion (astigmatism) produced when the suture is tied should remain constant while the suture is in place.
It should disappear when the suture is removed.
Suture-induced astigmatism is not a problem with virgin silk or absorbable sutures which are placed as edge-to-edge, interrupted sutures. Postoperative tissue oedema and even necrosis within individual sutures cause them to cut out and release tension on the incision, and virgin silk is extruded. Consequently the cornea tends to regain its original shape, minimising astigmatism. To eliminate sutureinduced astigmatism from nylon sutures requires their removal, which is easier if the incision is corneal rather than subconjunctival. Hence the preference for a corneal section.
Every eye in this study developed some degree of suture-induced astigmatism. In half of them it did not exceed 3 dioptres (Fig. 2) .
Once established (14 days after operation) the degree of astigmatism remained constant until the suture was removed (Fig. 7) , its magnitude being in direct proportion to the tightness of the suture. The suture should be tightened only enough to approximate the wound edges. The fact that suture-induced astigmatism remained constant meant that patients could be fitted with a cataract spectacle 2 weeks after surgery that tided them over the 3 to 4 months postoperatively until the continuous suture was removed. The cataract correction was dispensed either according to the patient's refraction or as a +11 50 dioptre sphere, which was the mean of the suture-induced spherical equivalents.
Once the suture was removed the astigmatism dropped significantly within 4 weeks, and the final In 40% of eyes the axis was displaced obliquely, probably the result of a tendency to tilt the incision to the right side (the incision was made from the 9 o'clock position to the 2 o'clock position), allowing better use of the exposure for a right-handed surgeon when removing the lens. In none of them did it change from with to against the rule (Table 1) .
The preponderance in this study of with-the-rule astigmatism following cataract surgery and of oblique astigmatism, the flat meridian moved vertically, which can be explained by an obliquely placed incision, confirms the findings of an earlier investigation (Bedrossian et al., 1969) .
In a previous publication we compared the final postoperative corneal astigrnatism and spherical equivalent in scleral cataract incisions closed by interrupted 8/0 virgin silk, interrupted 10/0 nylon (Ethilon), and a continuous 10/0 nylon (Ethilon) under a conjunctival flap (Luntz and Livingston, 1976) . Adding these to our presently reported results and comparing them (Tables 2 and 3 ) one finds that there is no statistically significant difference.
The conclusion is that astigmatism resulting from cataract surgery is not influenced by the suturing technique within the framework of those used in our studies or by the choice of material (monofilament, nylon, or virgin silk). It may be influenced by the type of incision (Bedrossian et al., 1969) . A standard incision was used in all these studies, although the site of the incision changed from the scleral side of the limbus to the corneal side of the limbus. This factor is at present being investigated.
